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DISCONNECT SWITCH CIRCUIT TO 
POWER HEAD RETRACT IN HARD DISK 

DRIVE MEMORIES 

BACKGROUND OF THE INVENTION 

The present invention relates to a disconnect switch 
circuit, and more particularly to a disconnect switch circuit 
to power the head retract in a hard disk drive memory. 

1. Related Applications 
This application is related to the following applications, 

each of which is being ?led on the same day, and each of 
which is incorporated herein by reference: U.S. application 
Ser. No. 08,062,503 U.S. application Ser. No. 08,062,968 
U.S. application Ser. No. 08,062,969. 

2. Description of Prior Art 
Moving-media hard disk drive (HDD) memories are 

commonly used in battery powered portable computers 
whenever substantial amounts of memory storage are 
required. In moving-media hard disk drive memories, the 
motion of a spinning disk suspends a magnetic read/write 
head above the media to facilitate motion of the head across 
the disk. A voice coil driver or head actuator is then used to 
position the head above a particular data sector and track. 
When the battery fails or is unexpectedly disconnected, 
emergency power-down procedures including retracting the 
read/write head to areas free from encoded data must be 
performed. The positioning of the head into a safe area is 
known as a “head retract". 

If the head retract is not completed before the head 
crashes onto the disk, permanent loss of data and damage to 
the disk may result. In order to prevent such a damaging 
head crash, the head retract circuit and power devices must 
be powered from an auxiliary power supply. Typically, this 
auxiliary power supply for performing head retract is created 
by isolating the ?yback electromotive force (emf) generated 
by the spindle motor in a HDD. 

FIG. 1 shows an example of a prior art circuit for 
preventing crash of the read/write head onto the disk. A 
Schottky diode 102 is placed in series between a battery 101 
and a HDD which includes a spindle circuit 104 and a head 
actuator circuit 103. Spindle circuit 104, which drives a 
three-phase spindle motor 130, includes an output stage 120 
having three phase-bridges 121, 122, 123, and a spindle 
control 105. Head actuator circuit 103 includes a head 
actuator control 141 to control positioning of the head, a 
head retract circuit 142 to perform the head retract, and an 
output stage 143 to drive a voice coil motor 144. Under 
normal operation, battery voltage Vbaba, is applied to the 
anode of the isolating Schottky diode 102, which is forward 
biased and provides a supply voltage Vcc on a voltage 
supply lead 160. Spindle control 105 converts the DC 
voltage Vcc into a three-phase supply for spindle motor 130. 
If an unexpected power failure occurs while spindle motor 
130 is rotating, Vbat drops to ground and spindle motor 130 
becomes a generator due to the momentum of the rotor, 
generating alternating emf voltage which supply an auxiliary 
voltage to voltage supply line 160 through the intrinsic 
antiparallel diodes 131, 133 and 135, acting together as a 
three-phase recti?er. The auxiliary voltage supply causes 
Schottky diode 102 to be reverse-biased so as to prevent the 
residual emf from being drawn by other circuits of the 
portable computer, thereby isolating the spindle motor 130 
from any other circuitry connected to battery 101. As the 
rotor of motor 130 slows down the emf voltage, and hence 
the Vcc provided by the auxiliary supply, decrease in 
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2 
amplitude. However, during the time between battery failure 
and the fall of Vcc, the Vcc created by the emf voltage can 
be used to perform the head retract and/or other emergency 
power-down procedures. 
A disadvantage of this arrangement is that Schottky diode 

102 consumes signi?cant amounts of power under normal 
operation. It is commonly understood that the forward 
voltage drop across a Schottky diode is approximately 0.5 
volts or higher. It is also known that a typical spindle motor 
for a hard disk drive draws a current of several amps. 
Therefore, at least a watt of power is lost due to the Schottky 
diode 102. In addition, the presence of Schottky diode 102 
in the battery path limits the emf of motor 130 to a value 
below Vbat —0.5V. The back emf voltage in a motor can 
never exceed the voltage powering it. Therefore a reduction 
in voltage due to the Schottky drop must reduce the emf 
voltage on the motor by the same amount. For hard disk 
drive powered by 5 or even 3 volts, this 0.5 volt drop is 
detrimental to ei?ciency and reliable operation. The lower 
range of Vcc provided by the ?yback emf may in some cases 
prevent an adequate amount of time at useful voltage to 
facilitate a successful head retract. 

SUMMARY OF THE INVENTION 

Accordingly, one object of the present invention is to 
perform head retract more e?iciently and reliably in the 
event of a power failure. 

Another object of the present invention is to increase the 
voltage provided by the ?yback emf of the spindle motor 
which is available to perform the head retract. 

Another object of the present invention is to eliminate the 
Schottky diode in a disconnect switch circuit to power head 
retract in hard disk drive memories. 

In accordance with the present invention, a disconnect 
switch circuit for disconnecting a power source from a 
voltage supply line includes a MOSFET switch connected 
between the power source and the voltage supply line, and 
control means responsive to the supply voltage on the 
voltage supply line for generating a control signal provided 
to the gate ternrinal of the MOSFET switch, the control 
signal turning on the MOSFET switch when the supply 
voltage is above a predetermined reference value and tum 
ing off the MOSFET switch when the supply voltage drops 
below the predetermined reference value. 

In accordance with one aspect of the present invention, 
the gate of the MOSFET switch is powered by a direct 
connection to a charge pump operated only when the supply 
voltage is above the predetermined reference value. 

In accordance with another aspect of the present inven~ 
tion, the gate of the MOSFET switch is powered by a charge 
pump through a pass transistor which conducts only when 
the supply voltage is above the predetermined reference 
value. 

In accordance with another aspect of the present inven 
tion, the gate of the MOSFET switch is powered by an 
auxiliary voltage source recovered from the inductive ?y 
back spike of the spindle motor through a pass transistor 
which conducts only when the supply voltage is above the 
predetermined reference value. 

In accordance with another aspect of the present inven 
tion, the MOSFET switch is a P-channel MOSFET device, 
and a transistor is connected between the gate of the P-chan 
nel MOSFET switch and ground, the transistor shunting the 
gate to ground when the supply voltage is above the prede‘ 
terrnined reference value. 
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In accordance with the present invention, the disconnect 
switch circuit may include a comparator and an under 
voltage reference generator to generate a signal indicative of 
normal or abnormal battery condition. 

The above and other objects, features, and advantages of 
this invention will be apparent from the following detailed 
description of the invention in conjunction with the draw 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 shows a schematic diagram of a prior art circuit for 
preventing crash of the read/write head onto the disk. 

FIG. 2A shows a schematic diagram of a circuit in 
accordance with the ?rst embodiment of the present inven 
tion. 

FIG. 2B shows a partial cross sectional view of a N-chan 
nel MOSFET device. 

FIG. 3 shows a schematic diagram of a circuit in accor 
dance with the second embodiment of the present invention. 

FIGS. 4 and 4A show schematic diagrams of circuits in 
accordance with the third embodiment of the present inven 
tion. 

FIG. 5 shows a schematic diagram of a circuit wherein a 
P-channel device is used as a disconnect switch in accor 
dance with the fourth embodiment of the present invention. 

FIG. 6 shows a diagram of another circuit in accordance 
with the fourth embodiment of the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Reference is now made to FIG. 2A, which shows a 
disconnect switch circuit to disconnect a battery and to 
power head retract in a hard disk drive in the event of battery 
failure. As shown in FIG. 2A, the ?rst embodiment of the 
present invention includes an N-channel MOSFET TD 
whose source is connected to the positive terminal of a 
battery 201 and whose drain is connected to a HDD 202 
which comprises a head actuator 203 and spindle driver 204 
which are similar to those in FIG. 1. Battery 201 provides a 
supply voltage Vcc through MOSFET TD to HDD. Vcc also 
powers an under-voltage reference generator 205, a com 
parator 206, an inverter 207 and an oscillator/charge pump 
208. The output of oscillator/charge pump 208 powers the 
gate 213 of MOSFET TD through a lead 214 and is also 
connected to a drain 216 of a shunt transistor Ts. A source/ 
body terminal 217 of transistor T, is grounded. The output 
signal of comparator 206 is provided as an input to inverter 
207 through a lead 219 and to an enable terminal 220 of 
oscillator 209 through a lead 221. The output signal of 
inverter 207 is provided to a gate 218 of grounded shunt 
transistor Tsthrough a lead 222. 

FIG. 2B shows a cross section of the N-channel MOSFET 
TD of FIG. 2A. MOSFET TD includes an N-type source 
region 231, an N-type drain region 232, a gate terminal 213 
and a P-type body containing a body contact region 236. A 
body terminal 254 is electrically connected to a source 
terminal 211 as shown in FIG. 2B, thereby causing an 
intrinsic diode 235 between the source 231 and the body and 
causing an intrinsic diode 237 between the body and the 
drain 232. 

The operation of disconnect switch circuit illustrated in 
FIG. 2A will be described now. During startup, when 
MOSFET TD is in off-state, intrinsic diode 237 is forward 
biased and pulls Vcc up one diode drop (0.5 volt typically) 
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4 
below Vbm. Once Vcc passes the under-voltage level V R set 
by under-voltage reference 205, comparator 206 outputs a 
high level voltage to the input of inverter 207 to turn off 
MOSFET Ts. The output of comparator 206 is also provided 
to the enable temiinal 220 of the oscillator 209 to enable 
oscillator/charge pump 208. Enabling oscillator/charge 
pump 208 then produces a voltage 5 to 10 volts above V,,,,, 
to turn MOSFET TD on. The intrinsic diode 237 is shunted 
when MOSFET TD conducts. 

In a fault condition where Vcc drops below the under 
voltage level VR, comparator 206 outputs a low level voltage 
to disable the oscillator 209 and to turn on grounded shunt 
transistor Ts, resulting in a rapid discharge of gate 213 of the 
disconnect MOSFET TD. As long as the shunt transistor Ts 
remains on until Vcc drops to a low level (1.4 volt, for 
example), the disconnect MOSFET TD remains off and the 
head retract action can be completed. 

When MOSFET TD is turned on, it exhibits a voltage drop 
of only 0.2 volts or less, as compared with the 0.5 volt drop 
which is typical of a Schottky diode. 

FIG. 3 shows a modi?cation of the disconnect switch 
circuit shown in FIG. 2A. Instead of the oscillator used in 
FIG. 2A, a battery-powered oscillator 309 is included, and 
the output of a charge pump 310 is provided to gate 213 of 
the disconnect MOSFET TD through a pass transistor T1,, 
which may also be a MOSFET. A gate 327 of pass transistor 
TI, is connected to the output terminal 224 of comparator 
206. Therefore, pass transistor T1, conducts only when the 
output of comparator 206 is at a high level. The other parts 
of the circuit are similar to those in FIG. 2A. 

During normal operation, Vcc is above the under-voltage 
level V R set by under-voltage reference 205, causing com 
parator 206 to output a high level voltage. The high level 
output of comparator 206 turns off grounded shunt transistor 
Ts through inverter 207 and causes pass transistor TI, to 
conduct, thereby providing the output of charge pump 310 to 
gate 213 of the disconnect MOSFET TD. This turns MOS 
FET TD on. Since the charge pump is running prior to 
turn-on of TP, transistor TD can be turned on rapidly. An 
under-voltage condition results in a low level output of 
comparator 206, which in turn turns on the grounded shunt 
transistor Ts and turns off the pass transistor T1, to quickly 
dump the charge on gate 313 of the disconnect MOSFET TD. 
This turns MOSFET TD off. 

Reference is now made to FIG. 4, which shows the third 
embodiment of the present invention. This circuit is similar 
to the one shown in FIG. 3, except that the voltage needed 
to power gate 213 of the disconnect MOSFET TD is pro 
duced by an auxiliary supply voltage Vaux created by 
rectifying the positive going ?yback transients of the spindle 
driver’s highside MOSFETs, instead of the output of an 
oscillator/charge pump. As shown in FIG. 4, spindle driver 
404 includes a three-phase output stage 448 to drive a 
three-phase motor 430. Output stage 448 includes three 
bridges 451, 452, and 453 each including two N-channel 
MOSFETs connected head-to-toe. A detailed description of 
this circuit can be found in above-referenced copending 
patent application Ser. No. 08/062,503, entitled “Push-Pull 
Output Stage for Driving Motors Which Generates Auxiliary 
Voltage Supply”. 

In order to develop Vaux, the source-to-body short in the 
highside MOSFETs 442, 444, and 446 must be eliminated. 
If these devices are N-channel, as shown, their body regions 
are grounded. (If they are P-channel, their body regions are 
connected to the auxiliary supply voltage Vaux as shown in 
FIG. 4A.) The output of each phase is then connected to the 
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anode of one of recti?er diodes 461, 462, and 463, whose 
cathodes are tied to a line 464. A reservoir capacitor 428 and 
a Zener diode 429 are connected in parallel between line 464 
and ground. A spindle control 441 generates control signals 
to the gates of MOSFETs 442 —447 in the three-phase output 
stage 448 to produce a three-phase power supply for motor 
430. The remaining components of this circuit are similar to 
the corresponding elements of FIGS. 2A and 3. 
Once the spindle motor 430 is spinning, the positive going 

?yback pulses will charge reservoir capacitor 428 to create 
the auxiliary supply voltage Vaux which is limited to the 
breakdown voltage of Zener diode 429. The Vaux supply is 
connected to gate 213 of the disconnect MOSFET TD 
through pass transistor T1,, which conducts when the output 
of comparator 206 goes high. Like the circuit shown in FIG. 
3, gate 213 of the disconnect MOSFET TD is shunted to 
ground by a grounded shunt transistor Ts when the output of 
comparator 206 goes low. 

FIG. 5 shows a disconnect switch circuit diagram in 
accordance with the fourth embodiment, wherein a P-chan 
nel MOSFET 501 replaces the Schottky diode. In this case 
an oscillator/charge pump or auxiliary supply voltage Vaux 
is not required. A resistive short between a source/body 
terminal 511 and a gate terminal 513 of MOSFET 501 is 
formed by a resistor 530 to keep the disconnect MOSFET 
501 in an oiT-state when Vcc drops below the VR output of 
under-voltage reference generator 205. During start-up, 
when the intrinsic diode 531 of the disconnect MOSFET 501 
conducts, Vcc rises above the predetermined level set by 
under voltage reference 205. The output of comparator 206 
goes high, and turns on a gate driver MOSFET TG which 
pulls gate 513 of the disconnect MOSFET 501 low, resulting 
in a negative gate to source voltage and turning MOSFET 
501 on. 

A PMOS device may be used to replace or parallel resistor 
530 (as shown in FIG. 6) to speed up turn-o?c in a fault 
battery condition. 

Although the present invention has been described in 
considerable detail with reference to certain preferred 
embodiments thereof, it will be apparent to those skilled in 
the art that various modi?cation and improvements may be 
made without departing from the scope and the spirit of the 
invention. For example, the grounded shunt transistor Ts in 
FIGS. 2, 3 and 4 may be replaced by a resistor; transistors 
of junction type may be used as the grounded shunt tran 
sistor Ts instead of MOSFETs. Accordingly, it is to be 
understood that the invention is not to be limited by the 
speci?c illustrative embodiment, but only by the scope of the 
claims below. 
What is claimed is: 
1. A disconnect switch circuit for disconnecting a power 

source from a voltage supply line, the disconnect switch 
circuit comprising: 

a MOSFET switch; 

a ?rst transistor connected to a gate of the MOSFET 
switch; and 

a comparator responsive to the supply voltage on the 
voltage supply line, said comparator providing a ?rst 
output signal which causes the gate of the MOSFET 
switch to become charged so as to turn on the MOSFET 
switch when the supply voltage is above a predeter 
mined reference voltage, said comparator providing a 
second output signal which causes the ?rst transistor to 
discharge the gate of, and thus turn off, the MOSFET 
switch when the supply voltage drops below the pre— 
determined reference voltage. 
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6 
2. A disconnect switch circuit as in claim 1, wherein said 

MOSFET switch comprises an N-channel MOSFET device 
having a source and a body connected together and to the 
power source and having a drain connected to the voltage 
supply line. 

3. A disconnect switch circuit as in claim 2, further 
comprising a charge pump to charge the gate of the MOS 
FET switch in response to said ?rst output signal. 

4. A disconnect switch circuit as in claim 2, further 
comprising a voltage reference circuit for generating the 
predetermined reference voltage. 

5. A disconnect switch circuit as in claim 2, wherein the 
gate of the MOSFET switch is connected to an auxiliary 
supply through a second transistor, the auxiliary supply 
recovering energy from an inductive load and generating a 
voltage higher than the voltage of the power source, said 
second transistor conducting only when said supply voltage 
is above said predetermined reference voltage. 

6. A disconnect switch circuit as in claim 5, wherein the 
inductive load is a spindle motor in a hard disk drive. 

7. A disconnect switch circuit as in claim 6, wherein the 
spindle motor is driven by a multiphase output stage com 
prising multiple phase-bridges, each of the phase-bridges 
consisting of ?rst and second MOSFETs connected in series 
between the voltage supply line and ground, the ?rst MOS 
FET of each of the phase-bridges having a body and a source 
which are not connected together, the output terminals of the 
multi-phase output stage being connected by separate rec 
tifying diodes to provide the auxiliary supply. 

8. A disconnect switch circuit as in claim 7, wherein the 
?rst and second MOSFETs comprise N-channel devices, the 
body of each of the ?rst MOSFETs being connected to 
ground. 

9. A disconnect switch circuit as in claim 7, wherein the 
?rst and second MOSFETs comprise P-channel devices, the 
body of each of the ?rst MOSFETs being connected to the 
auxiliary supply. 

10. A disconnect switch circuit as in claim 1, wherein the 
MOSFET switch comprises a P-channel device having a 
drain connected to the power source and having a source and 
a body connected together and to the voltage supply line. 

11. A disconnect switch circuit as in claim 10, wherein a 
P-channel MOS transistor is connected between the gate and 
the source/body terminal of the P-channel MOSFET switch, 
said P-channel MOS transistor conducting when said supply 
voltage drops below said predetermined reference limit. 

12. A method for disconnecting a power source from a 
voltage supply line of a hard disk drive, said method 
comprising the steps of: 

providing a MOSFET between said power source and said 
voltage supply line; 

charging a gate of said MOSFET, using the ?yback 
voltage of a spindle motor of said hard disk drive, when 
the voltage on said voltage supply line exceeds a 
predetermined reference voltage so as to turn on said 
MOSFET; and 

discharging said gate of said MOSFET so as to turn off 
said MOSFET when the voltage on said voltage supply 
line drops below said predetermined reference voltage. 

13. A method for disconnecting a power source from a 
voltage supply line of a hard disk drive, said method 
comprising the steps of: 

providing a MOSFET between said power source and said 
voltage supply line; 

charging a gate of said MOSFET, using an oscillator/ 
charge pump, when the voltage on said voltage supply 
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line exceeds a predetermined reference voltage so as to 
turn on said MOSFET; and 

discharging said gate of said MOSFET so as to turn off 
said MOSFET when the voltage on said voltage supply 
line drops below said predetermined reference voltage. 

14. A method as in claim 12 or 13, wherein said MOSFET 
comprises a P-channel device. 

15. A combination comprising: 
a power source; 

a load capable of storing power; 
a MOSFET having a source terminal connected to a 

positive terminal of said power source and a drain 
terminal connected to said load, said source terminal 
being shorted to a body of said MOSFET so as to create 
a diode having an anode connected to said source 
terminal and a cathode connected to said drain termi 
nal, said MOSFET being turned on so as to allow a 
current to flow from said power source to said load 
through a channel of said MOSFET when said power 
source is functioning normally, and said MOSFET 
being turned off so as to block current ?ow from said 
load to said power source as a result of the storage of 
power in said load when said power source fails. 

16. The combination of claim 15 wherein said power 
source comprises a battery. 

17. The combination of claim 15 wherein said MOSFET 
comprises an N-channel MOSFET. 

18. The combination of claim 15 wherein said load 
comprises a motor. 
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19. The combination of claim 18 wherein said load further 

comprises a spindle driver, said spindle driver comprising a 
high-side MOSFET and a low-side MOSFET, said high-side 
MOSFET including a body which is not shorted to either a 
source or a drain of said high-side MOSFET, a common 
node between said high-side and low-side MOSFETs being 
connected to said motor. 

20. The combination of claim 19 wherein a current path 
extends between said common node and a gate of said 
MOSFET thereby allowing a voltage generated at said 
common node to charge said gate. 

21. The combination of claim 15 further comprising a 
comparator having an input connected to a supply line 
connecting said MOSFET to said load, said comparator 
providing a ?rst output signal which causes a gate of said 
MOSFET to become charged when a voltage on said supply 
line is above a reference voltage. 

22. The combination of claim 21 wherein said comparator 
provides a second output signal which causes said gate to 
become discharged when said voltage on said supply line is 
below said reference voltage. 

23. A method as in claims 12 or 13, wherein the step of 
charging said gate further comprises providing a transistor 
connected between said gate and ground, said transistor 
conducting only when said supply voltage drops below said 
predetermined reference voltage. 

***** 
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